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Conclusions: This excellent performance of time domain feature -
support vector machine (TDF - SVM) could be acceptable level of initial
performance of the system. Despite the practical constraints involved,
signiﬁcant results have been obtained through the TDF - SVM system.
This suggests that TDF - SVM classiﬁcation could be used in bio-
mechanical testing because of its high pattern recognition in deter-
mining implant primary stability.
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GENDER DIFFERENCES OA PROGRESSION AND THEIR LONGITUDINAL
GAIT CHANGES
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Purpose: Incidence of spontaneous osteoarthritis (OA) is known to be
lower in female than in male Str/ort mice and this has been attributed
both to differences in cartilage degeneration and bone structure. Our
previous studies have indicated that OA-prone Str/ort male mice show
increasing non-compliance in a treadmill task (drop-out) with age and
OA development, and that gait asymmetry and imbalance are predictors
of this drop-out. Speciﬁcally, we established that the progression of gait
imbalance in paw areas was a signiﬁcant predictor of drop-out and ofOA severity. We have therefore sought to determine whether gender
differences OA progression can be detected by non-invasive, longi-
tudinal monitoring of gait.
Methods: 26 male and 19 female Str/ort were monitored longi-
tudinally and spatiotemporal gait measurements (DigigaitTM sys-
tem) taken at bi-weekly intervals from age 8-30wks or until either
treadmill task non-compliance or development of an imbalanced
gait. Animals were classiﬁed as ‘gait imbalanced’ if the difference
between paw areas in contralateral fore- and hind- limbs was
greater than 0.3 cm2, compared to that at 16 weeks of age (reached
mature body weight). For each drop-out or gait imbalanced animal,
age-matched control mice of different gender were identiﬁed and
sacriﬁced. Fisher’s exact test was used to assess the difference in
treadmill drop-out rates between males and females. Principal
component analysis, a dimension reduction technique, was used to
summarise the variation among these correlated gait measurements
into a few unrelated components. Repeated measures models were
used to assess similarity and difference in gaits between males and
females across ages.
Results: Two male and two female mice were excluded from the
analysis of drop-out for reason unrelated to gait or drop-out. No
female mice demonstrated sufﬁcient gait imbalance or drop-out
before 30 wks of age (8 reached 30 wks and 9 were controls of
varying ages). Of the 24 eligible males, 13 reached sufﬁcient levels of
imbalanced gait or failed to complete the treadmill task/drop-out.
Seven male mice were sacriﬁced as controls at varying ages (interval
from 13 to 25 wks) and only 4 male Str/ort mice reached 30 wks of
age. Males had signiﬁcantly higher drop-out rate or imbalanced gait
than female mice (p¼0.0005). Principal component analysis sum-
marised 41 correlated gait parameters into 10 unrelated components
that explained 82% of the total variation in the data. Not surprisingly,
age had signiﬁcant effects on all these 10 principal components
(p<0.0001 for all components) indicating the changes in gait longi-
tudinally. Component 2 (explained 12.5% of total variation) was sig-
niﬁcant higher in males than in females (p¼0.008) across all
ages, however, Component 8 (explained 3.8% total variation) was
signiﬁcant lower in males across all ages (p¼0.012). Component 5
(explained 5.8% total variation in gait) was similar between males and
females before 10 and after 24wks of age, but was higher in males
from 10 to 24 wks of age (p¼0.032), the ages when males started to
fail the treadmill task. There was a signiﬁcant interaction between
sex and age for component 6 (explained 5.0% total variation). Com-
ponent 6 was higher in males before 12 wks of age, but became
lower in males after 18 wks of age (p¼0.004 for interaction). There
was no difference between males and females for the other
components.
Conclusions: The higher proportion of males failed to complete
treadmill task in this study is in agreement with the higher OA inci-
dence rate in male compared to female Str/ort mice. There are differ-
ences in gaits between males and females across ages. Importantly,
these gait changes seem to coincide with the ages encompassing pre-
OA and overt, active OA phases in Str/ort mice.Bone Biology
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SUBCHONDRAL BONE CYSTS COMPLICATED WITH BONE
REMODELING TURNOVERS IN PATIENTS WITH KNEE
OSTEOARTHRITIS
Y. Chen y, T. Wang z, M. Guan z, X.E. Guo x, W. Zhao y, F. Leung y,4,
X. Cao ¶, W. Lu y. y The Univ. of Hong Kong, Hong Kong, China; z Shenzhen
Inst.s of Advanced Technology, Shenzhen, China; xColumbia Univ., New
York, NY, USA; k Shenzhen Key Lab. for Innovative Technology in
Orthopaedic Trauma, the Univ. of Hong Kong Shenzhen Hosp., Shenzhen,
China; ¶ Johns Hopkins Univ., Baltimore, MD, USA
Purpose: Although osteoarthritis (OA) has been considered a disease of
cartilage, recent studies reported that pathological subchondral bone
remodeling precedes and accelerates cartilage degeneration in OA.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A129Subchondral bone cyst has been identiﬁed as a cause for greater joint
pain, cartilage loss and higher frequency of total joint replacement in
knee OA patients. It has been proposed that subchondral bone cyst is
linked with bone structure changes. However, the exact effect of sub-
chondral bone cyst on bone structure alteration in OA is largely
unknown. Therefore, this study aimed to investigate the association of
subchondral bone cyst with subchondral bone remodeling in knee OA
patients.
Methods: A total number of 81 patients undergoing total knee
arthroplasty for primary OA were recruited. The patients’ clinical and
radiographic data were recorded. The tibial plateaus were collected
during surgery and processed for micro-computed tomography (micro-
CT) analysis. The presence of bone cyst was viliﬁed in all three ana-
tomical planes using software. And the samples were grouped as con-
trol (n¼24) and bone cyst groups (n¼57). Then the samples were
further processed for histological analysis. Biomarkers of osteoclast
(Trap), osteoblast (Osteocalcin) and osteoprogenitor (Osterix) were
detected by immunohistochemistry.
Results: Signiﬁcant differences were not deﬁned in age, body mass
index (BMI), mechanical alignment or Knee Society Knee Score between
the control and bone cyst groups. Subchondral bone cysts were
observed in subchondral bone in the bone cyst group from multiple
angle observations :The bone cyst group presented 34.9% higher fraction of bone volume
(BV/TV) (43.7±7.4% vs. 32.4±7.2%, p¼0.003) and 35.0% higher trabecular
number (Tb.N) (2.7±0.45 vs. 2.0±0.4, p¼0.017) in subchondral bone
compared with the control group. Furthermore, 43.8% lower structure
model index (SMI) (0.54±0.16 vs. 0.97±0.22, p¼0.001) were detected in
bone cyst group, indicating more trabeculae had shifted from rod-like to
plate-like in the bone cyst group. Signiﬁcant correlations were found
between subchondral bone cyst volume and BV/TV (r¼ 0.407, p¼0.010),
Tb.N (r¼0.342, p¼0.029) and SMI (r¼ -0.541, p¼0.001). Histology
revealed a higher ratio of bone area/total area ratio (51.7±7.4% vs.
37.6±7.2%, p¼0.002) in bone cyst group :
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A130.Besides, ﬁbrocartilage tissue was found surrounding the bone cysts in
bone cyst group. TRAP staining showed higher numbers of TRAPþ
osteoclasts (61±7/mm2 vs. 36±4/mm2, p<0.05) in subchondral bone of
the bone cyst group, indicating increased bone resorption. Higher
numbers of Osteocalcinþ osteoblasts (58±5/mm2 vs. 35±4/mm2,
p<0.05) and Osterixþ osteoprogenitors (65±6/mm2 vs. 37±4/mm2,
p<0.05) were detected in areas surrounding bone cysts in the bone cyst
group compared with the control group, indicating elevated level of
osteoblastgenesis and bone formation.
Conclusions: These experiments demonstrate that subchondral bone
cysts coincides with impaired subchondral bone microstructure in
patients with knee OA. The underlying mechanism is possibly due to
turnovers of subchondral bone remodeling.
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ALTERED NANO-STRUCTURAL AND NANO-MECHECANIAL
PROPERTIES OF OSTEOARTHRITIS SUBCHONDRAL BONE
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Purpose: The factors governing the altered strength of the subchondral
bone in osteoarthritis (OA) are not well understood. In this study, we
investigated howOA disease affects the subchondral bone structure and
composition properties at a nano-scale level.
Methods: OA bone samples were collected from patients undergoing
total knee replacement surgery and graded according to disease
severity (grade I: mild OA; grade IV: severe OA). Transmission elec-
tron microscopy imaging, electron diffraction, and elemental analysis
techniques were used to explore the type I collagen cross-banding
pattern, the nature of mineral phase and the orientation of the crystal
lattice. Furthermore, subchondral bone nanohydroxyapatite powders
were prepared and characterised using X-ray diffraction, transmission
electron microscopy, scanning electron microscopy and fourier
transform infrared spectroscopy (FTIR). Subchondal bone bending
strength and compressive strength were tested using a nano-inden-
tation method.
Results: Grade I subchondral bone showed a clear apatite crystal
proﬁle with a typical cross-banding pattern in collagen ﬁbrils. The
c-axis orientation of the collagen ﬁbrils was parallel to the long axis
of ﬁbrils in trabecular bone and the subchondral bone plate. How-
ever, in grade IV OA subchondral bone, the ﬁbrils showed a random,
undulated arrangement with circular oriented patterns of collagen
ﬁbrils in certain localized areas. Furthermore, the collagen ﬁbrils
showed abnormal intra-ﬁbrillar mineralization and higher ratio of
calcium (Ca) to phosphorous (P) (Ca/P) in grade IV OA bone sam-
ples. It was further observed that crystallinity of the mineral con-
tent in grade IV OA bone was greater than in grade I OA bone,
which was conﬁrmed by a higher splitting factor value (Figure 1).
Nano-indentation revealed signiﬁcantly reduced modulus and
hardness in grade IV bone compared to the grade I bone (p<0.01),
and which could lead to poorer mechanical strength of the grade IV
bone.
Conclusions: These data suggest that severe OA affects the subchondral
bone plate and trabecular bone by altering the nano-structural and
mechanical characteristics, resulting in compromised mechanical
properties of the subchondral bone.179
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IDENTIFIES OSTEOPROGENITORS AND INFLAMMATORY CELLS IN
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Purpose: Osteosclerosis of the subchondral bone due to aberrant bone
remodeling is a pathological hallmark of osteoarthritis (OA). As the
cellular component of the subchondral bone unit is thought to be
responsible for the structural changes in this tissue, direct phenotypical
analysis of the cellular compartment is critical to better understand the
OA disease process. This study provides proof-of-principle that cells
isolated from the subchondral bone unit can be directly phenotypically
characterized without prior use of cell culture techniques.
Methods: Tibial plateaus were obtained from patients undergoing total
knee arthroplasty. Subchondral bone chips (1 mm width, 1.5 g wet
weight total) from nonsclerotic and sclerotic regions were digested in
aMEM containing 0.6 mg/ml collagenase IA and hematopoietic and
mesenchymal fractions of nucleated bone marrow cells were isolated
using CD45 magnetic beads, followed by ﬂow cytometry phenotpying.
Mesenchymal cells were analyzed for expression of alkaline phospha-
tase (ALP) and osteocalcin (OC). Hematopoietic cells were phenotyped
using multiple monocyte/macrophage markers (CD14, CD68, CD163,
HLA-DR, CSFR). Presence of osteoblasts, macrophages and osteoclast
progenitors was conﬁrmed by (immuno)histochemical staining for OC,
CD68 and tartrate-resistant acid phosphatase (TRAP), respectively.
Results: MTT staining revealed abundant viable cells and blood vessels
in marrow cavities of subchondral bone chips pre-digestion. Collage-
nase digestion efﬁciently released fat tissue and marrow and bone-
lining cells, evidenced by a strongly decreased MTT staining. Within the
CD45-negative fraction the large majority of cells (>70%) expressed the
mature osteoblast marker OC and approximately twenty percent of the
cells were positive for the early osteoblast/osteoprogenitor ALP. The
relative percentage of mature osteoblasts (CD45-/OCþ) was slightly
increased in sclerotic (64.2±10.3%) compared with nonsclerotic
(50.5±12.5%) marrow tissues. Within the hematopoietic cell fraction,
several distinct cell populations could be discriminated. The vast
majority of cells were of monocytic origin (~80%) displaying strong
surface expression of CD14 with or without co-expression of HLA-DR. In
both nonsclerotic and sclerotic subchondral bone tissues, discreet
macrophage populations (CD14þ/HLA-DRþ/CD68þ) were identiﬁed
and the percentage of macrophages was two-fold increased in the latter.
Expression of the anti-inﬂammatory M2 macrophage marker CD163 in
monocytic cells was very low (<2%). Putative osteoclast progenitors
(CD45þ/HLA-DR-/CD14-/CSFRþ) were present in both subchondral
bone phenotypes.
Conclusions: Flow cytometry analysis of the subchondral bone unit
provides a powerful tool in helping to understand the cellular con-
tribution to human OA. Osteoprogenitors/osteoblasts and inﬂammatory
